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GENE DEUVERTT SYffTEM 



TloB application is a contimiatiion-in part cl Serial No. 08/657,913 klei June 
7, 1994, and Serial No. 60/021,408 filed July 9, 1996. 
BACKGROUND OF THE INVENTnON 

A variety d teckniqueB bave been used to introduce foreign genes into cells. 
Physical metkods include co-precipitation with calcium pliospkate, electroporatton, 
and particle l>omI>3rdment. ^I^iile these direct transfer techniques are adequate in 
vitro, they are impractical in vivo. Promising in mvo gene therapy relies on a carrier 
such as viral vectors or liposomes ict dJivery. There are sUll lingering safety concerns 
for viral vectors. Another limitation is the si^e of the DNA sequences, usually limited 
to 7-8 hh, that can he incorporated into the viral vector. Liposomes, on the other 
hand, have low loading level in general. In hoth cases, there is the issue of cell or 
tissue specificity for these gene delivery systems. 

Controlled drug delivery has significantly improved the success of many drug 
therapies (Langer, R., 1990, New methods of drug delivery, Science, 249:1527-33; 
Poznanshy, et al., 1984, Biological approachea to the controlled delivery of drugs: a 
critical review, Pharmacol. Rtv., 36:277-336). A major goal of drug dekvery is to 
localize the drug to the target site. Ihese targeted delivery systems often take the form 
of injectahles composed of hposomes (Gregoriadis, G., 1986, Liposomes as Drug 
Carriers, New Yorii: Wiley; Utzinger, et al., 1992, Phosphatidylethanolamine 
liposomes: drug dJivety, gene transfer and immunodiagnostic apphcations, BioJiimioa 
et Biaphtfsioa Ada., 1113:201-27) and microspheres made of proteins (Cummings, 
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etal 1991, CavalentcoupWg<jao«mJ»ci„« protein 

1991 PoWer^oatea altumin xnicxcpWa a- canien for inixav«cuU tumor 
Urget., of cispUtin. Cone cW^. a J PU.., 29:117-21; TJ«ta,^J., 
1988,Pot<«tiaUon of anUtumor activity ot.acropl»ge.V«-^ 
alpha A/D containea in gelatin micro^KercaJpn. /. Ca^ 79:636-646), 
pdy^xi^iae. (Rongvei el aL, 1991, Cro»eJ-linW, JegraJaUe .larck micr«plie«. 
a.c«rle..<fpan«nagneticr«a„a„ceimaging: ^tKe»i.. iegraJation. «J relaxation 

^.CM^UR... 146:83-92, Carter, et al., 1991, TW co»Uation of 
^ nucro^W. ana angiotensin 11 in tkc manipulaUon of Jn^g ie^ 

i.«..nin-ln«Jelcf«Jar«^«eta»taai^^ 

«Jy„.er. (Davi., ^ JL, 1984, MicrcepW. and Drug "Aerapy, An^m; Eldndge, 
elJ 1991, BioJegraaJJe microspheres a. a vaccine ie^ 
In^lnJo^, 28:287-94, Pappo, eta., 1991, Monoclonal antiWy-Jirectea targe^g 
of fluorescent pa,«*,^-W«e.t^ cells,/~iw. 73:277- 

80)/ PoIj^cricsysten-sU. some of tkaavantages of liposomal ^^^^ 
alterea pUmacoUetic. and lioaistdLnUon. liposomes might have ketter 

^ of hiocompatiklity and ^tial for Uon with cells, polymeric 
microsphere, have more controyaerdea.eUetic.,Uter.uhihty in s^^^^^ 
higher irug-Uhng level, for ««ecUe. of compounds. 

Uerei-aneeaintheartfora DNA delivery system which can provide 
controUed reW, I. simple to ««ke, is .tahU, is c«t effective, ^ 

loading level, and i. rcUtively non-immmiogenic 
c^wT^MAPYnT^THFlNYBKnON. 

It is an ohiect of the invention to pn>vide polym-c particle, for delivery d 

DNAtocells. . . , , i • 

li i. an ohject of the invention to provide a method of making polymenc 

partide. for delivery of DNA to cJU. 
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5 It 10 anotker object d tke invention to provide a metkod oi delivering DN A to 

using polymeric particles. 
These and otker objects ol tke invention are provided hy one or more of the 
embodiments described below. In one embodiment a nanosphere for gene delivery is 
provided, llie nanosphere comprises a polymeric cation and DNA« and optionally a 
10 iinhing molectile or a targeting ligand is attached to the siarface of said nanosphere. 

In another embodiment of the invention a method of forming nanospheres for 
gene delivery is provided, llie method comprises tke steps of : forming nanospheres 
by coacervation of DNA and a polymeric cation; and optionally adhering a linking 
molecule or a targeting ligand to the surface of the nanospheres. 
15 In yet another embodiment of the invention a method for introducing genes 

into cells is provided. Tke method comprises incubating cells to be transfected with 
solid nanospheres comprising a polymeric cation and DNA. Optionally a targeting 
ligand is attached to the nanosphere's surface. Ike targeting ligand binds to the 
surface of the cells to he transfected. 
20 Thus the present invention provides the art with an attractive DNA delivery 

system which is simple to prepare, is cost effective, has contrcJled release abikty, is 
storage stable, and is biocompatible. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Scjiematic diagram showing the synthesis of gelatin-DNA coacervates. 

25 

Figure 2* Gel electrophoresis of cDNA before and after encapsulation. 

(std« standard; Sup^si:^)ematant, Pellet^nanospheres pelleted by 
centrifugation). 

Figure 3. Controlled release of intact LAMP-1 cDNA was demonstrated in vtho. 
30 Ike nanospheres were cross-linked with glutaraldehyde at various 

glutazaldehyde concentrations then degraded with trypsin. Figure 3A 
shows the time course of DNA release at various glutaraldehyJe^ross- 
linktng levels. Figure 3B shows (on gels and densitometer tracing) the 
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10 



15 



20 



25 



30 



DNA wkck was iJeaseJ torn *ke nano.pW at variouB time, and .1 

various levels of glutaral(Jeliy<le-cro88-linlaiig. 
Figure 4. Fl«o««nt images of U937 cell. txansfecteJ hy control, and LAMP- 
1 cDNA-loaaeJ nanospkeres (at <Uy 3 post-transfecUon). Figure 4A: 
anti-DCM nanospWs «itWt cDNA; Figure 4B: calcium 
pUpKate transfection; Figure 4C: LAMP-1 nancspkere. witkout 
anliUy; Figure 4D: LAMP-1 nanospkeres coated witk anti-CD-44 
mAB. LAMP-1 expression is manifested as granules (in lysosomes) in 
tke cells. 

Rg^ 5. Flow cytometric .naly«s of tke tnmsfection e&ciency of U937 cell. 

ky antilympkooyte function aawcialei antigcn-1 coated nanospketes 
ani coolrok Tke actual mean fluorescence intensity (MFI) i. .kown 
in tke insert. Msp= microspkeres. MRK= a mi«natckeJ anU-P- 
glycopiotdnantikoay, PLM=anti.LPA«itiUy. 
Figure 6. Temporal expression of LAMP-1 in 293- cells tHmsfccteJ ky anU- 

CD44 coated nanosplierefl. 
Figure 7. Preparation of DNA.ckito«« nanospkere. ky complex coacervation. 

N^xospkere. form a. a xe«Jt of Na,SO, induced «le«Jv.tion of tke 

polyelectrolyte compWxes. Procedure, or features tkal may Up 
tansfection e^ency, U .re not neceswry for transfccUon include: 
tkecooicapwlatian of lywomolytic agent. ottkerapeuKc agent, into 
tke nano.pkeres during tke complex coacervation; varying tke c««- 
lidring to affect tke rtakility of nanoapkeres; conjugation of ligands to 

tke «uface of tke nanospkere. to enkance receptor-medUted 

endocytosiB. 

Fig«e 8. Tke ckemistry of coupling of man«o.e-6.pkonJ»ie to tke «rf ace of 

a DNA-nanosphere using carWiimideg. 
Figure9. Ue ckemistry of coupling of folate to tke «rf«:e of a DNA- 

nanoBpW using carlodiimidcs. 
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5 Figure 10. Tke ckeouBtiy ci coupling oi ixansfenin to tke suiface cl a DNA- 

nanospkete using carlxxliimides. 
Figure 11. llie petBistence of lucifecaie expression in HEK293 cells after 
tranfifecUon wiiK DNA-ckiiosan nanospkeres is demonstrated. 8 X 
10* HBK293 cells were seeded into eack well plate 24 kours kefore 

10 tzansfection, nanospkeres containing Iflgci DNA were incukated witk 

ike cells in eack weUlor 4 kouis. Ikye cells were (uriker incukated witk 
&esk medium. After 5 days, tke cells were passaged at 1:5 dilution 
every 3-7 days (indicated ky an asterisk in tke figure). Luciferase 
activities were measured at different time points. 

IS Figure 12. Expression of green fluorescence protein in HEK293 cells after 

transfection witk ckitosan nanospkeres containing pDI-neoGFP 
plasmid, 8 X 10* HEK293 cells were seeded into eack well of 12 well 
plate 24 kours kefore transfection, nanospkeres containing 1 mg of 
DNA were incukated witk tke c^ in eack well for 4 kours. Tke cells 

20 were furtker incukated witk fresk mediiim for 3 days, trypsinized and 

analyzed on a FACScan analyser. *l1ie percentage of positive cells 
(transfection percentage) versus tke amoxmt of nanospkeres is skown. 
Figure 13. Transfection of HEK293 cells witk mannose-6-pko6pkate or folate 
conjugated nanospkeres. 8 x cells were seeded into eack well of a 12 

25 w^ plate 24 kours kefore transfection. nanospkeres containing 2 fig 

of DNA were incukated witk tke cells in eack well for 4 kours. llic 
cells were furtker incitkated witk fresk medium for 3 days, and 
luciferase expression levels were measured using a Promega luciferase 
assay system. 

30 Figure 14. Tkiee-pkase diagram for pRE-ludfetase pcDNA-ckitoean coacervation 

at 50 mM NajSO^ and 55" C. Tke dark skaded area skows tke 
concentration at wkick tke nanospkere pkase can ke okserved. 
Precipitation or aggregation occurs witkin tke ligkt area and tkere is no 
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pW-eparaUoninUiewkteaiea. Hie conaition. t««l to prepare 
nano8pkere8are.Wl7ti>earK«r. Tl^e W composition ol tl»e 
n^icpkere. «e 34.65 ± .0.95 % by «i«lit of pUmii DNA 
65.35 ± 0.95% liy weiglit of diitoBan; ikir enoapaulation eftciendeB 
are 98 ±2.0%an(l 92.7 ± 3.7%, respectively. 
Figure 15. Size JistriUtion of chitoean-UeJ nanospkeies i> sUm as 
determined ty Dynamic UgU Scattering and Pkoton 
CorteUUon Spectroscopy. Ue size of the nanospheres 
clustered tigktly between 200 and 300 nm. 
Figure 16. Nanopsbere formulation protect. pUnidDNAfromDNase 
1 digestion. Nafced DNA and nanospWs wetc Ub incuUted 
widj different concentoticos of DNasel for 15 min. At 37« C. 
Hie reaction was stopped witb iodoacetic acid, a DNase I 
iUitor. HKnanospl^esweretUdigestedwitkclutosanase 
andlysozymefcr 2 Ws. All samples were tun on an 0.08% 
polyaayUiide gel and stained witK etliidium bromide. Une 
1: molecular weigbt markers; lane 2: plasmid; Ue 3: 
«^kefe.; Ue 4: digested nanospkeres; Ue 5: pWid + 
DNAse (O.l Mg); lane 6: nanospkeies + DNAse (0.1 w); kmc 
7: nanospkeies + DNase + digestion; lane 8: nanopskeies + 
0.5 Hi DNase; Ue 9: nanospkeres + 0.5 fig DNase + 
digestion. 

Figure 17. Cytotoxicity of polycatiohic gene carriers. HBK 293 cdls (4 
X 10*/ i»ell) wee plated in 96-we!l pUtes. Different 
concentrations of ckito«m, poly-L-lyrine and Lipofectemine 
were added 24 kis. Uter. After 48 ki. cytotoxicity was 
determined by an MIT (3-l4.5-dimetk,ldiia«.l-2-yll-2,5- 
dipkenyltetrazdium bromide; tkiaoly!blue)ieaction assay 
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Figure 18. 



Figure 19. 



to 



Figure 20 



25 



Figure 21. 
Figure 22 



30 



acco^g to a .UnW P«W. Di«no»a.: chiU«n, 
squares: poV-Uy«ne;tri«>gU:lipofe^ 

Jl^wtedion. T«»tecUon.«»canieaa«tin.24«^ 
pUte (5 X 10* cdWwell) ^ °* 

PAC««. Ncsp0.1 = nanospk«h^0.1«|DNA.Nc.p 
0.5 = «an«pWwith0.5woJDNA,eU:. Sc.p + CU«,l 

= nanoap W8 wiUx cUoroquine and 1 of DNA. 

Upbieo{-anoepWinHBK293cell«. NanoapUe.w«. 

„aJe «th ihe We««e pWi<l ani stained witb TO.PRO 

^.War P«i«. Inc.), a cdl-imp«nneatle DNA-Uiing dye. 

Cdl. ^ wasU tm«^ at M««.t point. axt« 
,,3^,«lanaWtyFAC-n. Cdls tranafect^ at 4 
Cwereuaed a. contn.W to account for particles tcund to ceB 

surlace. 

storage talnlity of DNA-dutosan nanospW. and treeze- 
„««-pW.. Nanospkeres were made according to 
„ed«J.de««iUWo.. PBG.conjugatednanospken.-re 

UxedrieddirecdyafUrkeh.gn-'io-^-^-''^^^"']; 
(50%). TianJection of HBK 293 cell, was performed 

3„^totkc««e»««Ua.k«fote. 
Ck«»ical «>keme for atta^tog kgand. to tke ««fac^ 

DNAnanoiplieretf. 

.j,^ u*c«J .a.*^ ™ 

Value, are average (n=6) + SD. 
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mTTATi Pn T^nSCyrvntn^ nPTHE PRFFPffffffD BMBODIMghnrS 

ItisaJiBcovoyoftliepregenlinvmiiondiatn^ ^'"^ 
cU» lengd- can compl« «itk polymeric cation, in aqueou. conJition. to Un wliJ 
„anon>liete. ranging fcom mAmicron to micron, in rizc. nucleic .ciJ.W«l 

nanoapkere. can c&dently tranifect cdk. 

Acconling to die pr€««t inventim, a polymnio caticm 1^ 
J«BtytogeUUn,i«i«dtoc(mplexwitKnu«JeicaciJBtoUnnano^ Protein, 
.uck a. tubulin, aotin, cylockrome C, kuman .erum allumin, and kistones may ke 
UKd a. tke polymeric cation. Polymeric amino aciJa, «ick a. polyarginine and 
polylyaine, may alio ke uaed, altkougk natural protein, are preferred. Alternatively, 
carkokydrate. «ick » ckito«n, proteoglycan. melMcdl"W, amylose, and starck can 
keu«da.tkepolymericcalion. Typically tke polymeric caUonU a molecular weigkt 
otketween 5,000-1,000,000. Ckitown may ke particularly useful as tke polymeric 
cation ot tke prewnt invention. Desirakly .odium «J£ate i. used to induce tke 

coacervation of polymeric cation «id nucleic acid.. Btkanol can also ke used at a 

concentmtion of akout 40 to 60% to induce coacervaUon. 

Targeting ligand., if derired, can ke directly kound to tke surface of tke 

««^kereorcankeindirectlyattacUusinga W«"n«cer"- Becau«oftke 

«nino group, on ««ie poly««xdumde. and on protd^ 

1>«« group, of tke protdmi), tke .uAce of tke nanoapkere. can ke earily derivati.ed 
fortkedirectcouplingcftaigelingmoietie.. For e»mple, carkoJiimide. can ke ui«l 
a, a derivatizing agent. Altermitively, .pacer. (Udng molecule, and derivatiring 
moietie. on targeting ligand.) .uck a. .vidin-kiotin can ke u«d to indirectly couple 
targeangligandatotkenan-pkere.. BiotinyUtod antikodie. and/or olker kiotinyUted 
ligand. can ke coupled to tke ««din-coated nanoapkete e&d^^ 
tke kigk JknOy of fciotin (k.-10»» M') for avidin (Hatuda, el .L, 1990, Pioce«ng 
of precunwr interleuU 1 keto and inflammatory di«««,/. BiJ. CU,., 265:6318- 
22; Wilckek, et al., 1990, Introduction to avidin-kiolin tecknokjgy, MAoJs In 
EnxynA^, 184:5-13). Orientation-aelective atfau:kment of IgO. c«i ke ackieved 
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S \)y kotinylating ike antikody at tKe oligosaccharide groups found on ike portion 

(0*Skanne8fiy, et al., 1984, A novel pzoceJure for lal>eling immunogloliulins ky 
conjugation to oligosacckarides moieties, Immunol. LeU., 8:273-277). Hiis design 
to preserve ike total nmnker of availakle kinding sites and renders tke attacked 
antikodies less immunogenic to ¥q receptor^kearing cells suck as macropkages. 

10 Spacers otker tkan tke avidin-kiotin kridge can also ke used, as are known in tke art» 

For example, Siapl^ocooca! protein A can ke coated on tke rumospketes for kinding 
tkcFr portions of immtmogloktJin molectJes to tke nanospkeves* 

Cross-linldng can ke used to stakilize nanospkeres. lliis is particularly useful 
for pTotein-kased nanospkeres, suck as tkose made of gelatin, llie rate of nanospkere 

IS degradation and nucleic acid release can ke designed a priori ky varying tke extent of 

cross-linking. Increased cross-linking yi Jds increased stakility of tke nanospkere. Hie 
loading level of nucleic acid can ke as kigk as 30% {vr/v), witk an encapsulation 
ef&ciency of >95%. 

Cross -linking of linking molecules or targeting llgands to tke nanospkere is 

20 used to promote tke stakility of tke nanospkere as well as to covalently a^ tke linking 

molecule or targeting kgand to tke nanospkere. Tke degree of cross-linking directly 
affects tke rate of nucleic acids release from tke microspkeces. Cross-linking can ke 
accomplisked using glutaraldekyde, carkodiimides suck as EDC (l-etkyl-3-(3- 
d2metk)jaminoprop)J)-ca]jxxliimide, DCC (N,N*-dicyclokexylc3rkodiimide), carkoxyls 

25 (peptide kond) linkage, kis (sulfosucdnimidyl) stikerate, dimetkylstikerimidate, etc. 

Targeting ligands according to tke present invention are any molecules wkick 
kind to specific types of cells in tke kody. Tkese may ke any type of molecule for 
wkick a cellular receptor esdsts. Preferakly tke cellular receptors are expressed on 
30 spect&c cell types only. Examples of targeting kgands wkick may ke used are 

kormones, antikodies, cell-adkesion molecules, sacckarides, drugs, and 
neurotransmittexs. 



-10- 



PCT/US97/13116 



5 Tke nanoepkeres oi tke present invention kave good loading properties. 

Typically, {oUowing tlie metkod ol tke present invention, nanospkeres kaving at least 
5% (^w) nucleic acids can ke ackieved. Prefeiakly tke loading is greater tkanlO or 
15% nucleic adds. Often nanospkeres ol greater tkan 20 or 30%, kut less tkan 4<0 
or 50% nucleic adds can ke ackieved. Typically loading e&dendes ci nucleic adds 

10 into nanospkeres of greater tkan 95% can ke ackieved. 

Ike metkod ci tke present invention involves tke coacervaikm ct polymeric 
cations and nucleic acids. Because tkis process depends on tke interaction of tke 
podtzvely ckarged polymenc cations and tke negatively ckarged nucldc adds it can ke 
considered as a complex coacervation process. However, sodium sulfate (or edianol) 

IS induces tke coacervation xeaction ky indudng a pkase transition, and tkerefore it could 

also ke considered as a mmple coacexvation reaction. Nuctdc adds axe present in tke 
coacervation mixture at a concentration of ketveen 1 ng/ml to 500 /Ig/ml. Desirakly 
tke nucleic adds are at least akout 2-3 kk in lengtk, and may range \xp to 10, 20, or 
50 kk. Sodium sulfate is present at ketween 5 and 100 mM. Gelatin or otker 

20 polymeric cation is present at ketween akout .01 and 7%, preferakly ketveen 2 and 

5% (Wv), in tke coacervation mixture. Typically, akout ten-fold kigker amounts of 
amino acid-kased polymers are required tkan carkokydrate kased polymers. Tlius 
gelatin is typically used at 1-5%, wkile ckitosan is typically used at 0.01 to 0.05%. 
Udng ckitosan, suitakle concentrations of nucldc adds are ketween 0.002% and 

25 0.008%. 

An attractive nanospkere delivery system requires a dekcate kalance among 
factors suck as tke simplidty of preparation, cost effectiveness, nuddc adds loading 
level, controlled release akikty, storage itakihty, and immtmogeniciiy of tke 
oamponents. Tke gene Jelivery system descriked kere may offer advantages compared 

30 to otker particulate delivery systems, includmg tke kposomal system. Ttie proklems 

of instakikty, lov loading level, and controlled release akility are ketter resokred witk 
tke polymeric nanospkere systems. Gelatin kas recdved increasing kiologic use 
ranging £rom surgical tissue adkesive (Weinsckelkaum, et al., 1992, Surgical 
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130.369-7*) io ^HU»«i,».-»l««l«*J J"* * IW, No«l 
M»<W, ^ - ^ (r.U. - 1991. Bffc* ^ 

*a 8- «t"> w 

1 . A oUUwabJ liBl of celU ikal can be 
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connective tissues, the cells in tke Islets ol Langerkans in tke pancreas, tke cardiac 
myocytes, ike Cliief anJ parietal ceils o{ tke intestine, osteocybs anJ ckonclrocytes in 
tke kane, keratincxytes, nerve cells ci ike peripkeral nervous system, epitkeliai cells of 
tke kickiey and kmg, Serlok cells of tke testis, etc. Ike targets for particles witk sizes 
greater tkan OSl microns wiD ke confined largely to tke vascular compartment. Here, 
tke targelaUe oJI types induJe etytkrocytes, leukocytes (i.e. monocytes, macxopkages, 
B and T lympkocytes, neuttopkils, natural killer cells, progenitor cdls, mast cells, 
eosinopkils), platelets, and endotkelial ceUs. 

For sukcutaneous injections, tke targetakle cells include all cells tkat resides 
in tke connective tissue («.^., fikroklasts, mast cells, etc.), LangeAans celL, 
kesatinocytes, and muscle oeUs. For intratkecal injections, tke targetakle cells include 
neurons, cells, astrocytes, and kkx>d-krain karrier endotkelial cells. For 
intraperitoneal injection, tke targetakle o^s include tke maoopkages and neutropkils. 

GujxJiydmte-kased nanospkeres suck as tkose made using ckitosan offer many 
advantages. Cross-linking is not required. In addition, a targeting ligand is not 
required, altkougk it can ke used. Altkou^ applicants do not wisk to ke kouiid ky any 
particular tkeory, it is postulated tkat cells kave a receptor to vkick ckitosan kinds. 
Ike concentration of DNA required in tke coacervation mix tising ckitosan is akout 
kalf of tkat required using gdafin. In addition, tke concentration of ckitosan required 
is akout one tentk tkat required for making gelattn nanospkeres. Ckitosan kased 
nanospkeres can ke £ceeze dried and are storage stakle. 

Because ckitosan-kased nanospkeres need not ke cross-linked or reacted witk 
targeting kgands, tkey can ke readily used after formation witkout tke need for 
extensive post^syntkesis putxfications. Elimination of tkis post-syntkesis processing 
permits tke direct use of freskly made coaoervates to transfect cells* An additional 
contrast ketween ckitosan- and gelatin-kased nanospkeres is tke efiect of dJoroquine 
on transfection efficiencies. In tke gelatin system, ckloroquine improves the 
transfection e&dency. However, in tke ckitosan system, ckloroquine does not 
improve tke transfection efficiency. Tlie sike of tke nanospkeres is kJieved to ke 
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M«.f«UU,a.»liJ,-Bj-»U-»M0.J300=». 

Examples: 



sluUnlUH. (25%, 1). l^-3^3Jl--M-».W)- 

^WSi*».ci».i»ic.(s.i-...MO). «*''^W.»J.."J 

^pm-2,.BAlB/cao™e»U.p«d~IJA.l 
! J„.l„*ii^<dl.i«l'mB-LAMP.l»Al»aiail.««<-J«r 

1 expression was done by staming ««« - . * 
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^Uanalp««««ingW««y«aUcactivity(aeWa,etJ.,m^^ 

WooJ, a a., 1989, IntroJucUon to Wc lucifer«e. U ikelr application.,/, cf 
BJumm. & Chmilum., 4:289-301). Uc prccnce ci ludfenue can U xeaJily 
ietecteJ nn en^atic teacUon ttai involve the oxidation of leetle ludfcrin witk 
«,«.^p.oJ«ctionof.pl«>ton(^ "^'^'^ 
^ caW out u«ng an .«ay kt purcUeJ from Promega Corp. (Madi«>n, WI). 

Si^fe i^miao^: A detailed scKematic diagram fcr tl.e .yntKesU of 
^gJ.tin.DNAco««vate.i..Wn in Figure 1. All concentraUon. deacriW are 
Wl concertotion. in tte leacUon mixture .et at 67-C unlea. otherwise aUted. 
OeUtin/pWid DNA nanospl^e. coated witk avidin «re .yntkeaized ly first 
preparing a 3.5 mg/nJ «luiion of pUmid DNA encoding a lysosomal a«K,ciated 
„eml,r«»e protein-l (LAMP-1) (6.7 Kt, dxcuU eupercoiled) in 42 mM sodium 
.Xte(Na,SO^. Coacervation...initi.tedWd«-Ab«-ofgeUtin(5%)to^ 
DNA/Na^SO, «iution .t e^ volume while vort«dng at lugh speed for 1 minute. 
Coencapsulationofdn.g.-.dadu.agenUcanUacluevedW.'Uin*^^ 
DNA/Na^O,solutionl,e£o.einiUatingcoacervationwithg^tin. Avidin (5 mg/ml) 

^ added to ike microsphere ,u.pen«on at a final concentration of 75 «g avidin/ml 
^microsphere solution. The microsphere, mixture wa. layered onto a layer of 70% 
^ (Wv) and centrifuged at 6,000 x g fcr 4 «i«-« (Brinfcman Inrtrumenf Inc. , 
Ve.thury,NY,modelLB-75). Micrcapl«efmcUon.reca«redfrcmi the .ucrose layer 
^ diluted 5-foU wiih water then cros.-linked with glutanJdehyde (12.5 mM W 
concentration) for 10 minutes at room temperature. Unreacted glutaraldJayde wa. 
quencUhy adding ethanolaminedM) for 10 minute.. The microephere. were 
iialyted ly «icrMe centrifugation a. descrihed ahove. 

A«a<A««rf of yoti-yf"^ «^ aviJin^ microspf^: 30 «g of 
antihodie. (hiotinyUted according to estahliahed procedure. (0'Shanne.sy, et aL, 
1984 A no«J procedure for laWing immunogloWins hy conjugation to 
.Jig„,led«^ moietie., Wno/. LetL. 8.273-277)) w«, added to 1 ml of avidin- 
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Using flow cytamehy, we ihowd that uie«p , n L 

11 1^ None ol tte contiola -- Wwib 
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sfi comparable i>eiveen tke proposed micro0pKeric delivery system (1*10%) and tKe 
calcium pliospliaie precipitation metkx) (2-15%). Figtxre 6 demonstrates tKe concept 
in a different o^ type using a di&rent monoclonal antibody. Again, free cDNA could 
not ttanafect tke c^. Eventually the LAMP-1 expression disappeared after several 
passages. Positive results were also obtained (or tke ludferase reporter gene system. 
Transfection was clearly detected by measurement d ludferase enzymatic activiiyr in 
293ft ceils incubated vitk ludferase gene-loaded micnxiplieies. 

Example 2 

Ibe general concept of syntbesidng tbe DNA nanospberes is sbown in Figure 

7. 

DNA-gelatin nanospberes were syntbesized by vortesdng 100 ml of a solution 
containing gelatin (5% «/v in distilled water) and 4 mM cbloroquine witk 100 ml of 
a solutson containing 0^ m^ml plasmid DNA and 4.3 mM sodium sulfate (N a^SO^) 
at 55*C for one minute. Nanospberes without cbloroquine were synthesized similarly 
except with a higher Na2S04 concentration (45 mM). Ike unreacted components 
were removed by centrifuging the mixture in a 100 ml sucrose biyer (55% Wv) at 
40,000 X g for 7 minutes. Tke sucrose fraction containing the nanospberes was 
diluted witk water to 200 ml, then crosslinhed and conjugated with 
transferrin by adding the nanosphere and transferxut solution (20 mg) to 22 ml a 
0.2 M MES buffer sohition, pH 4.5, containing 0.1 m^'ml of 
(l«et}^-3-[3-dimetl9]aminopvopy)l-carbodiimidehy^ llie reaction 

was carried out in room temperature for 30 minutes, then quenched by addition of 
glycine reaching a 0.2 M final concentration. Crosslinlang was also achieved by 
reaction witk various concentrations of glutaraldehyde for 10 min. DNA-chitosan 
nanospberes were prepared simiburly with the exception that the chitosan solution 
diluted to 0.02% («/v, pH5.5 in 5 mM NaAc-HOAc). 

Example 3 Tke general concept of 

synthesizing DNAnanospheres is shown in Figure 7. Microparticidar coacervates of 
<^to0Bn or gJatin-DNA complexes fcnmed as a result of Na^SO^-induced desolvation 
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eulfhyaryl groups were introduced into transferrin hy 2.iminolluoUe reacUon, 
„,odifec.tion degree 3-6 per transferrin). After reaction for 2 W. at room 
temperature, tke mixture «s ultracentrifuged at 50,000g for 20 min in a 55% 
,«:«cgr«Ut TWnanospkeres isolated were WU«d directly. Conjugation of 
PBG5000 to the surface of tlie nanoepKeres minimized any aggregation in solution. 
IW nanosphere- could also U lyopyixed without any anti-cakng agent and easily 
suspended. Transfeclicm efficiency of the nanospU»w«i not af^^ 
derivati»tion(Rguie20). Neither w«. it affected by storage in «K:ro«, «>lution or 

in the Voplulized state. 

Comparison offe^fcctxansfsclioneffidency was conducted hyinj^^ 

na^ospherescontainingtheLacZph-midamgtotalDNA), DNA-Iipofectamine 
comii«a>n6tdiaDNA),«WpUnidDNA(lmg), or 5 x 1010 viral particles 
of AAV-UcZ «»pended in 20 ml into the exposed tibialis anterior mu«:le bundle, of 
rix-weet old BAmc mice. One and three weehs Lto, the muscle was isoUted. 
homogeni»d, and the reporter gene expression determined by an assay hit 
CGal«:to-Iight^s«ppliedbyTropix(Bedford,MA). Injection of geUtin nanoepheres 
containing 1 mg of the LacZ gene into the tibiJi. muscle bundle of mice produced 
M«p.««5<«fc'»t^»2ld.y.(Figure22). The level for Miequxval-t dose of 
nahedDNAwaslO-SOUdloweralday?, and declined to background level by day 
21. In contrast to their reUtive performance msf««. the lipofectaminec^^^ 
^«,tase&cienta.the««u-phere.. The expre««on W at day 7 w-s even lower 
than that of naked DNA. By gross observation, there «s «n*e infUnnatocy 
.espouse in the muscle tissue treated by the Iipofoct«nine complexes, which mi^t 
account for the poor remdt. The AAV vector was the most ef6cient.Jiciting.Nal 
expression of 50400 time, higher tU that of thenanosphere. at day 7. 

increased 6-12 fold further at day 21. proUly due to virJ replication. 

Nanosphere. synthesized by «iU-induced compUx co«:.rvation of cDNA «»d 
polycations «,ch as geUtin and cbitosan are efbdent gene ddrvery vehldes. 
DNA-nanosphere. in the size range of 200-750 mn could transfcct a variety of cell 
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that of Upoteclamine and calciun. pUpW contxol. in ceU culture, tke P^al 
«p««ion in mu«ie of BAlB/c mice w,. kigl« and ino« .u-t^neJ tW that 
ack^eaWnaWDNAaniUpotect^ninecompUe.. gene ae!iv«y .yatem W 
«««laHxacti>«featu«: l)kganJ.canl. conjugated to 

^tor-mediated endoc^i-; 2) ly«-a«dytic agent, can U incorporated to reduce 
degradaUon of tke DNA in tke endo.om.1 and ly«»o«al compartment.; 3) od« 
kioacU«agen.armultipUplaamid.canUco^pa^;4)l^^ 
DNA can k improved Lecause of protection from .erum nucW degrade 
«.Wx; 5) tkenanoaphereia atatlein plasma electrolyte., «J can U lyoplulixed for 
.torage witkoul low of koacUvity. 
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CLAIMS 

1 A«JiinanoepWofle«tW3Mni{orgene«yiverytooell..compristo^ 
. polymeric caUon and a poWion, wherein the polyani«» can^ oi nucleic ^, 

,4«ein tU polymeric cation is not polylysine. 

2. Tl^nanon.Wofclaiml*lu«rfntkepolymericcationiBacarl»^^ 

3. Tl««Jiananon.Wo{claim2wkereintliepolymericcationbcyutoean. 

4. Tl««««pWo(cla5ml«W«riinanoBpWcompriBe.greatertW 

5%(w/w)nucIfiicadAa. 

5. Tl«nan«fl««crfcWl.^-akln«KXTKe«*^^^ 

20% (w/w) nudeio wads. 

2-20 U). , 

7. Ame»WolUningaJ««K»pl.«e.torge«e«yive,ytoiT«^^ 

cdlfl,compriBingtlieateptrf: 

fonning na«o.plu«. of U iW 3 Mm coacen^tion of nu^^^^ 

polymeric cation *liick is not polylywne. 

8. UemelUot claim 7 wkereintke polymeric cation i. a c.rtoM»te- 

9. Ue metU of claim 8 wWn ll« coacetvation i. performed in tl« 

pieeence o£ soJium wilfate. 

10. TliemetU of claim 8 therein tl»poWericcaticm is diitoaaa. 

11. The metU of claim 8 herein tk polymeric cation iapreaent at a 

concentration of about 0.01-7% in tlu. .tep of coaceivation. 

12. The metU of daim 8 wketein tke nucleic add. are prewnt m a 

concentration of 1 ng/ml to 500 ^ml in the step of coacervaUon. 

13. -AemetKoa of cUim 8 wherein tke concentration of «Klium.ultle» 

Ulween atoul 5 ani 100 mM in the step of coacervation. 

14. AmetUforintroducinggenesintocell., comprising the.tep.of: 
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17. -Ae octU of claim 15 *kercin the nucleic aad « DNA. 

18 UemetUot claim 15 wkerein the nucleic ac«li.RNA. 

19 UemelUofcUimMwKereinthecelUareinculture. 

20 Tl^metUcrf claim 14 wherein tLecell.«einananimal 
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FIG.1 

20 ul DNA* + 100 ul Na2S04 (43mM IN 0.6 ml EPPENDORF) 
65*C 80 ul GELATIN (5%)" 
VORTEX (MAX SPEED) 
LAYER ON 70% SUCROSE LAYER (4:1 SUCROSE VOL) 
25,000 xg. (4') 

TOPX X BOTTOM (SUCROSE) 
DISCARD RESUSPENDW/H20(i:4H20) 

/-AVIDIN(50ug/mlMCSP) 
GLUTARALDEHYDE{5%)^^ 
{1ul/1mlMCSP)30'RTO ^ 

LAYER ON 70% SUCROSE UYER (4:1 SUCROSE VOL) 

25,000 xg (4') 




TOP 
DISCARD 




BOTTOM (SUCROSE) 
RESUSPEND W/ PBS (1 :4 PBS VOL.) 



I^BIOTINYLATEDmAb 
^ (10ug/mlMCSP)30'RTO 



LAYER ON 70% SUCROSE UYER (4:1 SUCROSE VOL) 

25,000 xg (4') 




TOP y \ BOnOM (SUCROSE) 
DISCARD RESUSPEND W/ PBS (1:4 PBS VOL.) 

* CIRCUUR, SUPERCOILED DOUBLE STRANDED PLASMID cDNA 6.8kb 
(LAMP-1) OR - 5M (LUCIFERASE) 0.6-3.5 mg/,ml IN H2O. 

** GELATIN (60 BLOOM, TYPE A FROM PORCINE SKIN) FRESHLY MADE. 
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FIG. 2 

Reaction LAMP-1 Reaction 
cDNAStd. Mixture cDNAStd. Mixture 
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FIG.3B 
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LAMP-1 LAMP-1 
p » p 8 p s p s dJNAStd. P « P « P * P 'cDNAStd. 
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molecule onto the nanosphere surface including antibodies, cell adhesion molecules, hormones and otocdl-specific ligands. 
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